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The o b j e c t i v e s  of t h i s  r e sea rch  were t o  determine t h e  predominant modes of 
degrada t ion  of a plasma sprayed thermal  b a r r i e r  (TBC) system, and then  develop 
and v e r i f y  l i f e  p r e d i c t i o n  models account ing f o r  t hese  degrada t ion  modes. The 
TBC system c o n s i s t s  of a low p res su re  plasma sprayed (LPPS) bond c o a t  l a y e r  of 
Ni-22Cr-lOAl-0.3Y, an  a i r  plasma sprayed (APS) y t t r i a  p a r t i a l l y  s t a b i l i z e d  
z i r c o n i a  (Zr02-8Y203) top coa t  on a convent iona l ly  cast Rene'80 
(Ni-base) s u b s t r a t e .  

Thermal cyc le  t e s t i n g  of TBCs w a s  employed t o  eva lua te  the  e f f e c t  of coa t ing  
edges,  bond c o a t  ox ida t ion ,  bond coa t  c r eep ,  top coa t  t h i ckness ,  and bond c o a t  
th ickness .  Two d i f f e r e n t  thermal  cyc le  tests were employed (one u t i l i z e d  an  
i so the rma l  exposure,  while  t he  o t h e r  imposed a temperature g r a d i e n t  through 
t h e  ceramic). Inc reases  i n  l i f e  were a s soc ia t ed  wi th  i n c r e a s e s  i n  bond c o a t  
c reep  s t r e n g t h  and minimizing t h e  e f f e c t  of coa t ing  edges,  while  dec reases  i n  
l i f e  were a s soc ia t ed  wi th  i n c r e a s e s  i n  top  coa t  th ickness  and i so the rma l  
pre-exposure damage. 

I n  a d d i t i o n  t o  t h e  thermal  cyc l ing ,  some tests were conducted us ing  coated 
c y l i n d r i c a l  low c y c l e  f a t i g u e  specimens i n  servohydraul ic  f a t i g u e  frames. 
These specimens were induc t ive ly  heated and used high temperature  
extensometers  t o  measure t h e  e longa t ion  i n  the  gage sec t ion .  The f i r s t  test 
simply dup l i ca t ed  t h e  thermal cyc le  of t h e  i so thermal  exposure t es t .  
Subsequent tes ts  then  imposed a mechanical s t r a i n  on t h e  thermal  s t r a i n  and 
producing t h e  d e s i r e d  thermal-mechanical cyc le .  The ma jo r i ty  of t h e  c y c l e s  
w e r e  i n  compression ( a  t ens i le  stress w a s  achieved f o r  only a p a r t  of one 
cyc le ) .  Remarkably, i n  a l l  cases, f a i l u r e  occurred i n  t h e  s u b s t r a t e  p r i o r  t o  
d e t e c t a b l e  c o a t i n g  f a i l u r e ,  demonstrat ing t h e  s i g n i f i c a n t  stress to l e rance  of 
TBCs. 

A t i m e  dependent,  non-linear f i n i t e  element model was developed t o  p r e d i c t  t h e  
s t r e s s e s / s t r a i n s  p re sen t  i n  the  TBC system. 
t h e  effects  of coa t ing  edges,  bond coa t  ox ida t ion ,  bond coa t  c r eep ,  changes i n  
geometry, and temperature  g rad ien t  a c r o s s  t h e  TBC system as i d e n t i f i e d  i n  t h e  
thermal  cyc le  tests. 
minimizing t h e  e f f e c t  of edges.  It a l s o  p r e d i c t s  t h a t ,  a l though t h e  growth of 
oxide scale produces s t r a i n s  due t o  t h e  material a d d i t i o n ,  it a l s o  reduces t h e  
s t r a i n s  produced by t h e  thermal  expansion mismatch between t h e  bond c o a t  and 
t h e  top coa t .  

The model was used t o  eva lua te  

The model p r e d i c t s  t h a t  TBC l i f e  can be extended by 
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Property de te rmina t ions  of t h e  bond coa t  and t h e  top  coa t  have been made. 
These included t e n s i l e  s t r eng th ,  Poisson 's  r a t i o ,  dynamic modulus, and 
c o e f f i c i e n t  of thermal  expansion (1). The p r o p e r t i e s  were requi red  f o r  t h e  
modeling work and a l low eva lua t ion  of material changes i n  t h e  TBC system. 

A TBC L i f e  P r e d i c t i o n  Model was developed based on t h e  above tes ts  and f i n i t e  
element a n a l y s i s .  The model relates t h e  ranges of normal and shear  s t r a i n s  
produced dur ing  a thermal  cyc le  ( i so the rma l  exposure t e s t )  t o  TBC cyc le  l i f e  
as shown by: 

-1.445 + 0.4 A s R  = 0.084 Nf 

where AERZ i s  t h e  shear  s t r a i n  range 
AER i s  t h e  normal s t r a i n  range 

Nf i s  t h e  c y c l e s  t o  f a i l u r e  

As i nd ica t ed ,  t h e  model p r e d i c t s  f a i l u r e  i n  t h e  TBC due t o  imposed s t r a i n s  
based on t h e  foregoing  cons ide ra t ions ;  hence, changes i n  s u b s t r a t e  and bond 
c o a t  material, i n  geometry, i n  t h i ckness ,  and the  e f f e c t  of ox ida t ion  can be 
accommodated by t h i s  model. 

Present  work i s  aimed a t  eva lua t ing  t h e  model's p r e d i c t i v e  c a p a b i l i t i e s .  
Future work w i l l  be aimed a t  inco rpora t ing  f r a c t u r e  mechanics i n t o  t h e  model, 
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TBC Thermal Cycle Tests 
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Figure  4 
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Ef fec t  of Bond Coat  Creep Strength 

Specimen 
Diameter 

on TBC 

Cycles 

800 

1 )’ 

1 ’* 

1 ” 

1.25” 

1 .so1 

700 

600 

500 

21,000 

4,000 

2,000 
t - 
** - 

Cycles to 4oo 
Failure 

300 

200 

100 

0 

System Failure 

570 

- 355 :[I 
1 2 3 

1 Ni-22Cr-lOAI-0.3Y 
2,3,4 Modlfied NlCrAlY Bond Coats 

Figure 5 

Jets Test Thermal Cycle Results 
(1 0% Failure Criterion) 

565 

4 

Baseline 

Bond Coat 
Thickness 

(Mils) 

5 

5 

5 

5 

5 

Top Coat 
Thickness 

(Mils) 

10 

20 

30 

10 

10 

4% Spallation Through 27,000 Cycles 
** No Spallation Through 27,000 Cycles 

Figure 6 

381 



Axisymmetric Model Finite Elements 
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Variation of Effective Stress in Temperature 
Gradient Cyanide Analysis 
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Figure 8 
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TBC Cylinder 
Variation of RZ Total Strain 

0.002 
0 

X 

0 
I 

20 40 60 
Time, minules 

0 7.030 Top Coat 

.005 Bond Coal 

0 = .010 Top Coat 

.005 Bond Coal 

x = .010 Top Coat 
0 Scale 4 Mic Scale 0 Scale 

.005 Bond Coat 
F i g u r e  9 

TBC Life Prediction Model 

-1.445 AERZ + 0.4 ACR = 0.084 Nf 

Where: 

- AfRz is the Shear Strain Range 

- AER is the Normal Strain Range 

- Nf is the Cycles to Failure 
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